The aim of this study was to examine the evidence, and consider the differential diagnosis, for tuberculosis (TB) in juvenile individuals from early 20th century documented skeletons. There are 66 male and female juvenile individuals in the Coimbra Identified Skeletal Collection (CISC) with an age at death ranging from 7-21 years. The individuals died between 1904 -1936 in different areas of Coimbra, Portugal. Eighteen of these individuals died from TB affecting different parts of the body. Thirteen (72.2%) showed skeletal lesions that may be related to this infection. Of the 48 individuals with a non-tuberculous cause of death, only 2 (4.2%) had skeletal changes that could be attributed to TB. The distribution of skeletal manifestations caused by the types of TB under study, based on macroscopic and radiological findings, is described and discussed. In addition, the medical records from 6 tuberculous individuals who died in Coimbra University Hospital (CUH) were analysed, and the information, including their diet and access to treatment, is presented. This work, based on data arising before antibiotics became available for treatment, can contribute to the future diagnosis of TB in non-documented skeletal material, and will facilitate a more reliable diagnosis of TB in juvenile individuals. Am
Documentary evidence identifies tuberculosis (TB) (also called struma, scrofula, phthisis, consumption, lupus vulgaris, and Pott's disease) as a major cause of death and one of the most common pathological conditions plaguing past populations, especially for the post-medieval period in Europe. Following the 17th century, TB rose to epidemic proportions (Daniel, 1997) . For example, in 1667, 20% of all deaths in London were due to TB (Myers, 1977) . Another peak in frequency of TB occurred at the end of the 18th century with the Industrial Revolution, and at the beginning of the 19th century. At that time in the Hôpital de Charité in Paris, 36% of deaths were due to TB (Scannell, 1992) . It was only after 1882, when Robert Koch identified Mycobacterium tuberculosis as the agent causing TB (Brock, 1982) , that its diagnosis became more accurate, with the development of methods that permitted positive identification. However, assessing the reliability of past diagnoses documented in historical records is difficult because the clinical manifestations of TB are not pathognomonic of the disease and may be the result of other pulmonary diseases. With Koch's discovery, the development of preventive medicine for TB began. In 1921 the TB vaccine (Bacille CalmetteGuérin) was first tested on humans, and its general use began in 1924 (Daniel, 1997) . Besides this vaccine, and the development of drug therapy in the 1940s and later, improvement in living conditions and diet in the last few decades have contributed to diminishing the rate and severity of TB, certainly in developed countries.
In many European countries and North America, an earlier decrease of cases from the second half of the 19th century is recorded (Wood et al., 1992; Johnston, 1993) . A factor that should be considered as a possible explanation for this decline, apart from improvements in the quality of life and developments in medicine, is "herd immunity," or the acquisition of immunity to TB by a human population recently devastated by the infection (Á vila, 1992; Daniel, 1997, p. 28) . Despite this decline, since the late 1980s TB has again increased unexpectedly in many industrialised countries (Brown, 1992; Raviglione et al., 1995) . Factors likely responsible for this increase include one or more of the following: depressed immune systems, reactivation/reinfection in older people (Seymour, 1992; Daniel, 1997; van Rie et al., 1999) , malnourishment, homelessness, poor hygiene, unhealthy living conditions, infection with HIV, presence of AIDS, infection with multidrug-resistant strains of the mycobacteria, and specific categories of occupations, e.g., healthcare workers (Brown, 1992; Clever and LeGuyader, 1995; Anderson, 1999) . These factors, or a combination of them, are now contributing to 8,000 deaths from TB per day worldwide. It is also estimated that one third of the world's population is affected by this disease at any one time (World Health Organization, 1999) .
THE PALEOPATHOLOGY OF TUBERCULOSIS
Paleopathological macroscopic evidence of TB in human skeletons has been found worldwide, and occurs in Europe as far back as ca. 4000 BC. For example, in Italy a tuberculous adolescent was reported by Formicola et al. (1987) , and Stirland and Waldron (1990) described the earliest case of TB in Britain (4th century AD). From the 7th or 8th century, another case was documented from Switzerland (Ulrich-Bochsler et al., 1982) , with Pálfi et al. (1992) describing lumbosacral and hip TB from 8th century Hungary. Wars, famine, overcrowding, unclean surroundings, and the sharing of living accommodation with animals were common in later and postmedieval villages, towns, and cities, and TB infiltrated many European countries. In Portugal, the first description of a probable case of TB was made by Cunha (1994) in a skeleton exhumed from S. Joã o de Almedina Church, in Coimbra. Another two medieval individuals also show lesions consistent with TB, one from Granja de Serrões, near Sintra (Santos and Cunha, 1997) and the other from Corroios (Lopes et al., 1999) .
In Africa, the first evidence consistent with TB was described by Petrie and Quibell (1896) and by Derry (1938) in Egyptian and Nubian bodies dated to 3300 BC. In the Middle East, Ortner (1979) described a possibly tuberculous skeleton from the Early Bronze Age in Jordan, and in Japan, Suzuki (1985) reported TB in the skeleton of an Ainu female. In North and South America, skeletal evidence from a number of sites was reported by Buikstra (1999) ranging in date from the 4th millennium BC to the 1600s. Apart from skeletal evidence a number of cases of TB have also been diagnosed after examining skeletal and mummified material for ancient DNA of the Mycobacterium tuberculosis complex (Spigelman and Lemma, 1993; Salo et al., 1994; Taylor et al., 1996; Crubézy et al., 1998) and also mycolic acids (Gernaey et al., 1999) .
Skeletal diagnosis of tuberculosis
Despite the number of cases of TB reported, it is puzzling that the historical records for this infection, particularly in Europe, do not correlate with the skeletal record. Although many individuals may die before skeletal modifications can take place (Wood et al., 1992) , skeletal lesions may be misinterpreted because bone can react in a limited number of ways to different diseases. Experience in diagnosis is necessary because many possible differential diagnoses are possible for lesions observed. It is worth noting that it is difficult to evaluate skeletal manifestations caused by mycobacterial infection before the development of antibiotics. In the past, skeletal change may have been different from manifestations seen today, and modern clinical diagnostic criteria for TB may be inadequate for paleopathological studies.
These concerns notwithstanding, based on clinical data, skeletal involvement in TB is very low. For extrapulmonary TB, the rates for all osseous changes range from 1% (Farer et al., 1979) to 9% (Hopewell, 1994) . Most of the identification of TB in past populations is based on the vertebral column, which is affected in 25-70% of cases of skeletal TB (Resnick and Niwayama, 1988) , and the weightbearing joints such as the hip and knee, these being the next most commonly affected (Roberts et al., 1998; Rogers and Waldron, 1995) . Recently the clinical literature recorded modifications to thoracic cavity bony structures that are possibly induced by TB. Eyler et al. (1996: 925) reported that "the most common condition associated with rib enlargement was pulmonary TB" in a living population sample. Though any bone of the body has the potential to be affected by TB, other parts of the skeleton have only recently been considered as possible indicators of pulmonary disease, which may be TB (summarized in Roberts, 1999) .
A useful source of information on how disease affects the skeleton is found in skeletal collections for which the causes of death are recorded. The first collection used to determine diagnostic features of TB was that of Hamann-Todd, housed in the Cleveland Museum of Natural History (Cleveland, OH) (Kelley and El-Najjar, 1980; El-Najjar, 1981; Kelley and Micozzi, 1984) . Subsequently, work on the Terry Collection curated by the National Museum of Natural History (Smithsonian Institution, Washington, DC) was undertaken (Roberts et al., 1994) . Despite questions about the accuracy of the documented causes of death in these North American collections dated to the onset of the 20th century, rib lesions, such as new bone formation, were postulated as being the result of pulmonary infection, and more specifically of TB.
This study seeks to extend our knowledge of the diagnosis of TB in skeletal material. It focuses on documenting the evidence for TB in juveniles from the Coimbra Identified Skeletal Collection (CISC) in Portugal, and on correlating the skeletal findings TB IN EARLY 20TH CENTURY PORTUGUESE JUVENILES with cause of death data. In particular, this research considers the validity of diagnostic criteria for TB taken from clinical sources.
MATERIALS AND METHODS

The sample
The current work is part of a major project on TB that is being developed with the CISC data: collating historical, macroscopic, radiological, and biomolecular evidence for TB in the individuals from the Collection. The Collection was accumulated in the first half of the 20th century (Rocha, 1995) and is curated in the Anthropological Museum at the University of Coimbra,. For each of the 505 individuals in the Collection, a record exists with information such as birth and death place, occupation, own and parents' names, and cause of death (Rocha, 1995; Santos, 1995a,b) . The individuals died between 1904 -1936, i.e., before the antibiotic era. Almost all the skeletons are complete and in a good state of preservation, although some periosteal destruction has occurred. Sex estimation (Cunha and van Vark, 1991; Silva, 1995) , adult age-at-death estimation (Santos, 1995c (Santos, , 1996 , and paleopathological analysis (Cunha, 1993 (Cunha, , 1995 Cunha and Gomes, 1994; Cunha and Umbelino, 1995) have been undertaken. Previous research on records at the Coimbra University Hospital (CUH), the place of death for 240 individuals, the Cemetery da Conchada (the place of burial for all the individuals), and autopsy documents of the Instituto de Medicina Legal, among others, provided important data that confirmed and complemented the Collection files, particularly concerning the causes of death (Santos, 1999) .
The individuals examined consisted of 30 males and 36 females, mostly juveniles. This group of individuals was selected for study because juveniles are the age group most affected in past populations, though little information is available concerning the diagnosis of juvenile TB in past populations. The sample included 19 children (7-12 years old), 27 adolescents (12-20 years old), and 20 young adults (20 -21 years old). The determination of these age groups was based on Buikstra and Ubelaker (1994) . The individuals were born between 1887-1921 and died between 1904 -1936 . Coimbra was the place of death for all individuals: 5 died in the Military Hospital, 29 in different places in the town, and 32 at CUH. Determination of their socioeconomic status and occupation was possible from hospital entrance records. The patients were classified as first, second, and third class "pensioners," and the poor, with the first two groups paying for their own stay in hospital (Universidade de Coimbra, Direcçã o dos Hospitais, 1936) . Only one juvenile was classified as second class, and 8 were categorized as third class, with 17 as poor. For the remaining 6 individuals, no socioeconomic status was recorded.
Concerning occupation, 19 individuals (14 females and 5 males) aged less than 12 years had no job recorded, and one 16-year-old boy was a student.
Three females were seamstresses, one was a daylaborer, and the remaining 18 did housework as housemaids and housewives. For males more occupations are recorded: 8 were "workers," and there were 7 soldiers, 2 employees in commerce, a locksmith, a pharmacy helper, a pastry-worker, an agricultural worker, a blacksmith, a tinsmith, and a primary school teacher. Marital status was also shown: only 4 females were married (2 aged 17 years, 1 aged 19, and 1 aged 20), and 2 single women (aged 21) died during pregnancy or childbirth.
All cause of death information was coded following WHO classification (Organizaçã o Mundial de Saú de, 1989). As was common in Portugal earlier in the 20th century, TB was the main cause of death ( Fig.  1) , and was responsible for 18 deaths (27.3%) in this sample, followed by accidents (which included suicide and homicide), and in third place, respiratory problems (7 deaths). Table 1 displays the number of individuals with TB and pulmonary diseases specified as the causes of death in the Collection files. It must be noted that even though the stated cause of death may not have been TB, individuals could still have been infected, but death was attributed to another health problem.
The analysis
Each bone from the 66 individuals was observed macroscopically, without knowledge of cause of death. A detailed written and pictorial description of all bone changes from normal was made. Subsequently, radiographs were taken of all tuberculous vertebral columns and also for two other individuals, with "chronic bronchitis" and "osteoarthritis and septicemia" listed as causes of death. Several ribs, scapulae, and long bones with visible bone changes were also radiographed, using the facilities in CUH. The radiography equipment used varied depending on availability of machines, and the bone being analyzed.
Chi-square testing of the data to determine significant associations (if any) was undertaken using the SPSS and Actus programs. The 66 were divided in two main groups related to their recorded cause of death: tuberculous and nontuberculous (Table 2) . Furthermore, each group was subdivided into those who had pulmonary and extrapulmonary disease given as causes of death.
RESULTS
Tuberculous causes of death
Frequency of rib and long bone involvement. Periosteal reaction on long bones and new bone formation on the visceral surface of the ribs were both more frequent in tuberculous individuals. From a total of 66 individuals, 14 (21.2%) had periosteal reaction on the long bones, and 13 (19.7%) showed new bone formation on ribs (chi-square ϭ 9.757, P Ͻ 0.005). Eight (44.4%) of 18 individuals with TB as a cause of death, and 6 of 48 individuals (12.5%) with a nontubercular cause of death (chi-square ϭ 7.993, P Ͻ 0.005), had a periosteal reaction on their long bones. When the data were divided into four groups (Table 2) , the association of periosteal reaction on ribs and long bones was statistically significant (chisquare ϭ 9.277, P Ͻ 0.05). When the four groups were compared (chi-square ϭ 47.386, P Ͻ 0.000), after the division had been made between tuberculous and nontuberculous individuals (chi-square ϭ 28.185, P Ͻ 0.001), and when pulmonary TB and nonpulmonary TB causes of death were considered, there was a statistically significant difference between tuberculous and nontuberculous individuals, and between pulmonary TB and nonpulmonary TB causes of death.
Number and side of ribs involved. In the individuals with pulmonary TB as a cause of death, the number of ribs involved varied from 1-7, with 4 being most common. Of the 11 individuals dying from pulmonary TB, 10 (90.9%) showed new bone formation on the visceral surface of ribs. In the 259 ribs from 11 individuals who died of pulmonary TB, 40 (15.4%) showed new bone formation. In 17.7% (23/130), new bone occurred on the left side, and in 13.2% (17/129), on the right side (chi-square ϭ 0.806, P ϭ 0.369). Figure 2 shows that none of the first, eleventh, and twelfth ribs showed new bone formation. The more common location of new bone is on ribs 4 -6, and these lesions were very often more severe on ribs 5 and 6. The location of the new bone along the rib occurred mainly on the vertebral ends, and new bone formed can be described as integral to the periosteum, or as an addition to the periosteal layer.
The new bone formation on ribs from people who had died with chronic bronchitis appeared more porous and less remodelled, but this may be the result of more recent new bone formation with no remodelling.
Hypertrophic osteoarthropathy. Among the pulmonary TB cases one individual, a seamstress aged 21 who died in 1932, is described in more detail since she presents extensive bone changes compatible with hypertrophic osteoarthropathy (Aufderheide and Rodríguez-Martin, 1998). The periosteal reaction was generalized to most of the skeleton: the right scapula, both humeri, radii (Fig. 3) , and the ulnae, femora (Fig. 4) , fibulae, and foot bones revealed woven bone that was in the process of remodelling to lamellar bone. The twelfth pair of ribs was missing, but five others (Fig. 5) were affected on their vertebral ends (left side from 3-6, and the fifth on the right). On the endocranial surface new bone also occurred from the middle of the sagittal suture to the inion region. Radiographs were taken of several ribs, the vertebral column, scapulae, and long bones of both upper and lower limbs of this individual. Only in bones with extensive new bone formation, such as in the femur and metatarsal (Fig. 6) , did the radiographs show periosteal thickening. Overall, the lesions could be better described without radiographic analyses.
Meningeal tuberculosis. The second most common type of TB as a cause of death in these juveniles was meningeal TB. A 7-year-old boy displayed subtle periosteal reaction on both ulnae and on the right tibia. This reaction is invisible on the radiograph. A 12-year-old female who died from meningeal TB had no signs of disease on her skeleton, and a third person, a 16-year-old boy, exhibited changes of infection in the right femur (Fig. 7) .
Other forms of tuberculosis. The remaining types of extrapulmonary TB represented in 4 individuals were osteoarticular, enteric, peritoneal, and pulmonary congestion/nonspecific tuberculosis. Bone, joint, and pulmonary TB occurred in a 10-year-old girl. The infection was visible in the bones of the leg, being most evident at the proximal end of the left tibia. Bones from the affected side were very fragile and light when compared with those from the opposite side, possibly suggesting disuse atrophy due to nonweight-bearing on the affected limb for a long period of time. The fibula was also affected at both ends, with new bone formation. The radiograph only confirmed the macroscopic observations and the osteoporotic nature of the cancellous bone of the affected side. Finally, features on the calcaneus, where extensive bone reaction was noted with small spicules of new bone formation, were difficult to visualize on the radiographs.
The only vertebral column with bone change was associated with a 16-year-old boy with enteric TB ( Fig. 8) . The destruction starts on C7 and increases in severity until there is complete destruction of the vertebral body of T7 and posterior fusion of T7 and T8 (Fig. 9) .
In the peritoneal TB case, affecting a female houseworker 19 years of age, rib lesions were also present. However, some differences were found when comparing these changes with those resulting from pulmonary TB. In the nonpulmonary case, the lower ribs were affected on both sides of the thoracic cage. On the left side, these lesions occupied most of the extent of the ribs, from 2-11; there was more extensive and severe changes on the tenth rib on the left side. Here, the new bone covered almost all the breadth of the rib in three areas (7-10 mm superoinferiorly): 21 mm in length on the vertebral end, 27 mm on the midshaft, and 23 mm on the sternal end of the rib. This discontinuity can be related to postmortem damage on the rib. On the right side, the lesions appeared only on ribs 10 and 11, and were around 5 cm in length. Contrary to what occurred in the ribs of pulmonary TB individuals, where the new bone tends to appear on the vertebral ends, here the lesions were more common on sternal ends. Some ribs with new bone formation were radiographed and, even without skin, muscles, and lungs, it was impossible to see these bone changes, especially antero-posteriorally. No lesions were observed in a 10-year-old girl with a cause of death listed as pulmonary congestion/nonspecific tuberculosis.
Nontuberculous causes of death
For the nontuberculous cases, only 4.2% (2/48) showed rib lesions (Table 2 ). These were 2 males, both 19 years of age at the time of their deaths. One was a pastry-worker who died from chronic bronchitis, and the other was a "worker" who was admitted to hospital due to osteoarthritis and septicemia. The first individual had slight new bone formation on the inion region on the endocranial surface of the skull, on both scapulae (Fig. 10) , humeri, radii, right ulna, and left tibia. Additionally, the left (second to sixth, and more severe on the fourth) and right (2-7) ribs also presented new bone formation (Fig. 11) , with a smooth remodelled appearance. Radiographs were taken of the scapulae, vertebral column, and several ribs of this individual, but no further information was acquired.
Osteoarthritis of the right knee and septicemia were the diseases recorded on the other patient's file and mentioned as a cause of death. This individual had periosteal reaction on the right femur, patella, and tibia; on the radiographs, some changes of the periosteal surface could be seen. The distal femoral joint surface was almost totally destroyed, and lamellar bone formation was seen in the lateral distal third of the shaft. Because postmortem damage was also present, it is impossible to know if the femur was fused to the tibia. New bone formation occurred on the vertebral ends of the left ribs (4 -10), and on the right side (2-11), being more severe on the ninth. In this individual the vertebral end location and the texture of the lesions are similar to the changes found in individuals who died from pulmonary TB. However, in the previous individual, apart from the different texture, the new bone extends along the whole of the rib or is located at its sternal end.
Of the remaining 4 individuals with periosteal reaction and a nontuberculous cause of death, one died with osteomyelitis of the left femur. The other 3 people died from the following causes of death: heart, respiratory, and digestive disease.
DISCUSSION
Tuberculosis in juveniles
Current data from European countries and North America state that the incidence of, and mortality from, TB among juveniles is very low (Rieder et al., 1989) . Nevertheless, the historical literature suggests that in this age group, TB was common (Porto, 1927) . The profile of TB mortality seems to have changed during the 20th century. In 1929 the Instituto Nacional de Estatística recorded in Portugal that enteritis and diarrhea were the most common causes of death, followed by TB in children aged less then 2 years of age (Cutileiro, 1954) . A maximum rate of deaths due to TB occurred in 1930 (around 200 deaths per 1,000,000 inhabitants), which corresponds to 10% of all deaths (Cutileiro, 1954; Gonçalves-Ferreira, 1990) . In 1995, the Institute reported 234 deaths from TB (3.16/100,000), and 125 people (1.26/100,000 inhabitants) died later of the effects of this disease. The age group most affected was of individuals over 75, with 67 deaths (12.5/ 100,000) in childhood and only 2 individuals aged less than 14 dying of TB (0.11/100,000) (Antunes and Antunes, 1997) . At the beginning of the 20th century, Coimbra displayed low rates of TB in comparison to other Portuguese cities and towns. Porto (1927 Porto ( ) estimated from 1910 Porto ( -1920 an annual mean mortality due to TB of 69 individuals (24.5 per 10,000 inhabitants), for the 28,104 inhabitants. However, it is difficult to evaluate the reliability of cause of death data and make statistical comparisons (Bryder, 1996) .
Identification of tuberculosis in skeletal material
In spite of pulmonary TB being the most common type of the infection in the past, its positive identi- fication in human skeletons is rare, even though it is assumed that most people in the past probably acquired TB via the pulmonary route. Clinical diagnostic criteria used by paleopathologists rely on Pott's disease of the spine and less often on changes in the hip and knee joints. These criteria do not mention subtle bone lesions commonly seen on ribs and other bones of the skeleton in archaeological populations, which may be related to TB. When diagnosing TB today, physicians generally utilize sputum analysis and chest radiographs and do not commonly consider bone changes in their diagnosis. Therefore, it is not surprising that subtle bone damage which may be associated with TB (especially on the ribs) is not described as a diagnostic criterion. Furthermore, autopsies do not investigate the surface of ribs even when pleural adhesions are present. In other words, while physicians do not need to observe ribs for pulmonary TB diagnosis, these are potentially important elements for diagnosis of this disease in past populations. As shown in this study, subtle new bone formation was impossible to visualize on rib radiographs in the normal anatomical position for radiographs of the chest.
Very thick layers of new bone on rib surfaces, however, may be seen as cortical thickening on a superoinferior radiographic view of a rib.
Future investigations on skeletons in which the cause of death is recorded may clarify problems. However, caution is necessary because the disease recorded as the cause of death may not have been the only disease present in that person, and these unrecorded ailments may have contributed to an individual's demise. In our study sample, 56.1% (37/ 66) of individuals died in hospitals in Coimbra, which may give more confidence to the disease recorded as causing death, if we assume that diagnosis in a hospital was more accurate. Certainly other diseases were also recorded on the patient files of the CUH (Santos, 1999) . The analysis of these documents reveals that for the 6 tuberculous juveniles, only 1 individual was diagnosed with osteoarticular and pulmonary TB, and for the others the disease recorded was simultaneously the cause of death. Nevertheless, caution must continue, as other conditions (e.g., treponemal disease) could have led to the long bone changes, although the patterning of bone changes was not consistent with this or any other disease.
The main findings in this study were as follows. New bone formation on long bones and ribs was significantly more common in individuals who had died from TB than in individuals who had died from a nontuberculous cause. For those who had died from pulmonary TB, the number of ribs involved varied from 1-7, with 4 being most common. In individuals who had died from pulmonary TB, 10 had new bone formation on ribs (90.9%), and only 2 of 48 who had not died from TB (4.2%) had lesions. In these cases the left side was more affected than the right, and the fourth to sixth ribs were most involved. The bone formation was mainly seen on the vertebral ends and was woven in nature in the majority of cases. Finally, it is noted that radiographic analysis did not provide any additional information that could not be seen macroscopically.
Other work on rib lesions
In the 1980s, research on the Hamann-Todd collection (Table 3) revealed that new bone formation on ribs was more frequent in tuberculous individuals (8.8%). From the 352 pulmonary TB cases, 31 had lesions on the visceral surfaces of their ribs (Kelley and Micozzi, 1984) . In the Terry collection, a stronger connection was found between pulmonary TB and rib lesions. Roberts et al. (1994) analyzed 1,718 individuals from the Terry Collection, and found rib lesions more common in individuals who had died from pulmonary TB (61.6% or 157 of 255) than in individuals with a nontuberculous pulmonary cause of death (22.2% or 51 of 230). The difference between the results in the three identified collections (Table 3 ) may be the effect of the reliability of the cause of death recorded. However, a person could have rib lesions as a result of TB, even though TB was not stated as the cause of death (Roberts et al., 1994) .
Despite the difficulty in comparing exact location of new bone on the ribs, Table 4 displays the available data. Concerning laterality, both sides were usually affected in all the skeletal collections and on the side affected by the disease in living people (Eyler et al., 1996) . In an ossuary investigated by Pfeiffer (1991) , 136 left and 123 right ribs were affected. Only Kelley and Micozzi (1984) reported a predominance of involvement on the left side by a ratio of approximately 2 to 1. Periosteal reaction was more frequent between ribs 4 -8 in the studies of both Kelley and Micozzi (1984) and Roberts et al. (1994) . Pfeiffer (1991) detected lesions from ribs 3-10, occurring on their vertebral ends "continuing anteriorly to varying degrees" (Pfeiffer, 1991, p. 195) . In the Coimbra sample, the individuals with rib lesions had ages of death ranging from 17-21, except for one who died at 14 years. In these individuals, the more common and severe lesions were from ribs 4 -6. This location seems to agree with the selective location of pulmonary TB in the apical and posterior segments of adult lungs, extending from the superior lobes and the superior portions of the inferior lobes. These areas correspond to the vertebral ends of ribs 3-8. Nevertheless, atypical locations can occur, as Barata et al. (1987) reported in their sample of radiographs from pulmonary TB individuals.
In the Coimbra sample, the most common number of ribs to be affected was four. Kelley and Micozzi (1984) reported involvement of one or more ribs, and Eyler et al. (1996) recorded rib enlargement from 1-8 ribs on the affected side of the thoracic cage.
Periostitis on the ribs also occurred in one individual with a nonpulmonary TB cause of death (Table 3 ). In the person with peritoneal TB, the texture and the lower location on the rib cage may be a clue for distinguishing between this disease and pulmonary TB. Rib lesions were also seen on the individual who died from chronic bronchitis, but they were quite different in texture, porosity, and location from the pulmonary TB individuals.
Few hypotheses can be forwarded to explain this: a misrecorded cause of death may have occurred as this skeleton was that of a pastry-worker who died out of hospital. Another explanation is also a possibility, as the medical literature from the earlier 20th century suggests that many cases of TB were hidden by another pulmonary disease such as chronic bronchitis (Lopo de Carvalho, 1935; Hardy, 1994) . Tuberculosis was not a socially accepted disease or cause of death (Hardy, 1994) , particularly in North America and England where victims were often hidden away (Bryder, 1996) , but this seems not to be the case for Portugal. Nevertheless, perhaps this could explain why, in other countries, mortality due to TB decreased during the 19th century, while in Portugal TB increased from the second half of the 19th century until the 1930s.
The third case of rib involvement was in a 19-yearold male. The patient file states that he was hospitalized for around 7 months due to osteoarthritis in the right knee and septicemia. This case suggests a similar bone response to a different disease, but a mis-or incomplete diagnosis at the time of admission is also possible. The hospital had different diets for patients depending on their health problems (Campos, 1921; Santos, 1999) . This person's diet changed during his time in the hospital: before surgery a "normal" diet was given, but post-operatively this changed to a "kidney problems" diet. During almost all the remaining time a so-called S, or "super diet" for the tuberculous, was administered.
CONCLUSIONS
Despite data linking new bone formation on ribs with pulmonary TB, the scientific community remains cautious about using this feature as a diagnostic criterion for TB because no such correspondence has been reported in living individuals with tuberculosis, apart from suggestions by Eyler et al. (1996) . However, current clinical diagnostic criteria may not be appropriate for diagnosis in paleopathology. For example, new bone formation on ribs and periosteal reactions involving the long bones are not described as diagnostic criteria for TB in the medical literature, probably because these changes are invisible on radiographs and are therefore not relevant to diagnosis. Our findings suggest that careful observation and a good description of all bone changes could avoid loss of time and money spent on radiological analyses.
We think that the changes we have noted in this study may be relevant to a diagnosis of TB. Nevertheless, we advise care in the interpretation of the nature and distribution of bone formed on ribs, as these lesions (as seen in this study) seem to be relevant to specific disease processes. In this study, skeletal lesions related to TB largely surpass published figures in the medical literature. We hope to confirm the trends reported here in the near future through an ongoing study in the adults of the CISC. Molecular analysis in some of these individuals is expected to contribute to improved diagnosis and knowledge of TB in past human populations.
